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Expanding the Library of
Planet Building Materials in Magrathea
Rosalie Chaleunsouck and Tristan Benally
David R. Rice and Jason H. Steffen
Department of Physics and Astronomy, University of Nevada, Las Vegas

Abstract
Exoplanets are often modeled with fully-differentiated layers
of iron, silicates, water, and gas. The large pressure and
temperature ranges within each layer results in changes of
phase and mineral equilibrium. MAGRATHEA is an
open-course planet interior structure code with a large library
of equations of state for planet building materials. This allows
for the user to build detailed planet models and test differing
measurements of the equation of state. We extend
MAGRATHEA's library to include upper-mantle materials and
various phases of iron cores. We show the impact of these
materials on the characterization of rocky planet interiors.

Low Pressure Iron: Face-centered cubic, Body-centered cubic
Left: The graph shows
the varying Density,
Pressure, and
Temperature with
Radius for 0.5 M⊕, 100%
Iron planets with
varying surface temps.
Upper Right: This graph
shows a mass-radius
plot with comparison
between planets with
low pressure iron and
without.
Lower Right: This graph
shows the percent
difference between the
new and old
MAGRATHEA planets.

Upper right: A list of
equations from Anzellini et
al. 2013, showing the phase
transitions of Fcc Iron(γ) and
Hcp Iron(ε).
Lower right: A table of fitting
parameters for the EOSs of
the various phases of Iron
(Dorogokupets et al. 2017).

MAGRATHEA - Interior Solver
MAGRATHEA is a user-oriented, open source planet
structure code that iterates hydrostatic equations to solve
for a planetary composition when given the mass of a
planet with differentiated, spherically symmetric interiors.
The planetary model predicts phase changes, interior
composition and subsequent radii of a maximum of four
layers (iron, silicates, water and ideal gas) by defining a
phase diagram for each layer and integrating a variety of
equations of states. With a large library of planetary
equations of state (EOS), the program enables the user to
define planetary parameters, choose phase diagram
options and add/change EOS for interior materials thus
allowing personalization and flexibility within the model.
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Conclusions
● We implement 6 EOSs and their phase transitions into MAGRATHEA’s library.
● Planets with low-pressure iron had at most a 1% radius difference at higher
temperatures. Future work will implement iron-alloys in the core.
● Adding an upper mantle creates a 2% difference in radius at one Earth-mass in
comparison with our previous model. The resulting radius is consistent with the
PREM model. Percent differences agree with Unterborn et al. 2019.

Upper Mantle: Forsterite, Wadsleyite, Ringwoodite
From Dorogokupets et al. (2015),
EOSs and corresponding phase
transitions are added for low
pressure magnesium silicates —
Forsterite, Wadsleyite, and
Ringwoodite.
Upper left: From a third-order
Birch-Murnaghan, a table of
EOS parameters for upper
mantle silicates (Dorogokupets
et al. (2015)).
Bottom left: The illustration
displays a model of various
phase transitions in the mantle
layer of rocky terrestrial
planets.

Upper left: The graph displays the percentage
differences between the MAGRATHEA model and the
Preliminary Reference Earth Model (PREM).
Lower left: A comparison of the output radius of the
models based on given 100% mantle planetary masses.
Above: The graph shows the difference in radius with
the addition of the upper mantle layer at temperatures
100 K and 2000 K.
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